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It is established that coal-mining waste used in joint (moist or dry) preparation of mixtures is a promising ma¬ 
terial for the production of building ceramics. The waste content in the batch may reach 50%. The quality of 
the products made using coal-mining waste from the Moscow Region fully meets the requirements of GOST 
6841-84 for respective products. 


Many producers of construction products based on argil¬ 
laceous minerals experience substantial difficulties in getting 
high-quality raw materials [1,2]. 

One of the ways for solving this problem is the utiliza¬ 
tion of technogenic products for the purpose of partial or 
complete replacement of argillaceous minerals in the tech¬ 
nology of building materials. Such technogenic waste that 
currently takes up enormous areas of fertile lands includes 
ash generated by thermal power plants burning coal, coal¬ 
mining waste, some kinds of metallurgical slag, oil shale pro¬ 
cessing waste, and household waste. 

The trend observed in the world power industry in the 
last 20 - 25 years implies the conversion of various indus¬ 
tries, including thermal power plants from liquid and gaseous 
fuel to coal, which results in sharply increased quantities of 
ash and slag generated. The amount of this kind of waste by 
the end of 1980s was equal to around 500 million tons per 
year, which corresponded to the volume of argillaceous min¬ 
erals annually mined in the world. One should also take into 
account the coal-mining waste, whose quantity is approxi¬ 
mately equal to that of the ash or even larger, as well as the 
waste generated in processing oil shale, whose annual vol¬ 
ume is nearly equal to the annual volume of clay extraction 
in Russia. The technogenic products for decades keep been 
accumulated on the sites of mining enterprises, occupy enor¬ 
mous area of fertile land, and under the effect of atmospheric 
factors intensely pollute the ambient environment. 

There are currently over 1000 known technogenic pro¬ 
ducts that are promising for recycling. Out of that number, 
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780 products are included in various databases as an object 
of potential application, however only 60 of them are actu¬ 
ally recycled [3]. 

The estimate of the effect of various types of waste on 
the environment is a time-consuming and complicated pro¬ 
cess. Considering that the development of the maximum per¬ 
missible concentration (MPC) for just one material takes 
2-3 years [4], it is easy to imagine the difficulties involved 
in researching this problem. Furthermore, MPCs are devel¬ 
oped based on the calculations of average statistical sanitary 
norms and have to be agreed with numerous agencies, who 
frequently attempt to unjustifiably raise the MPC values [5]. 

An incorrect approach to understanding the problem of 
accumulation and recycling various waste resources resulted 
in the fact that the environment-protection industry of the 
former USSR countries is totally underdeveloped and, ac¬ 
cordingly, incapable of solving the problems it confronts. For 
instance, there is only one waste-recycling factory with 
120-person staff currently functioning in Russia, whereas 
this industry in the USA employs over one million people. 

Calculations indicate that comprehensive utilization of 
raw materials and technogenic products makes it possible to 
increase the production of many types of products by 
25 - 30%. Considering the saving of expenses needed for 
geological survey, development, and storage of raw materi¬ 
als, land recultivation and environmental protection activi¬ 
ties, the production cost decreases 2-4 times compared to 
the use of materials extracted according to the traditional 
scheme [6]. The economical effect obtained in the utilization 
of technogenic products to a large extent id caused by the 
fact that they can be recycled without investing into the ex¬ 
traction of raw materials. In the case when technogenic pro- 
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TABLE 1 


Mass content, %* 

Mixture 

clay 

coal-mining 

waste 

i 

80 

20 

2 

70 

30 

3 

60 

40 

4 

50 

50 


* Water content in al mixtures was 8% (above 
100 %). 


ducts are recycled on the site of their generation, i.e., in large 
industrial districts with a high demand for construction mate¬ 
rials, the transportation expenses are minimal. 

The main types of technogenic products in Russia are 
power plant ash, coal mining waste, waste generated at min- 
ing-and-concentration works and metallurgical plants, oil 
shale processing waste, and household waste. 

Metallurgical waste is the form of granulated slag is 
nearly totally recycled in the production of binding agents [7]. 

The experience of industrial recycling of waste from the 
Kachkanarskii Mining-and-Concentration Works in the pro¬ 
duction of ceramic tiles at the Kuchinskii Ceramic Works has 
shown that these technogenic products (especially those con¬ 
taining minerals of the pyroxene class) can be without great 
expenses utilized in the production of ceramic construction 
materials [8]. The overall volume of the concentration waste 
accumulated in Russia reaches 50 million tons per year, 
whereas the amount of recycled materials amounts to a few 
tens of thousand tons. 

The most promising for use as auxiliary or main materi¬ 
als in the production of construction materials, including ce¬ 
ramics, is the coal-mining waste and thermal power plant 
ash, in view of their mineralogical composition and volume 
accumulated. The technogenic materials of this group are 
large-scale mineral wastes; the quantity of coal-concentra¬ 
tion waste reaches 90 million tons per year and the ash-and- 
slag waste from power plants — around 100 million tons per 
year [9]. 

Unfortunately, Russia at the moment does not have an in¬ 
tegrated program of using fuel-bearing mineral waste in the 
building industry, similar to the “Raw Materials” program 
that used to exist in the USSR. Only 1% of the annually gen¬ 
erated waste of this group is currently recycled in this way. 
At the same time, the recent experience of industrial recy¬ 


cling of technogenic products in the production of construc¬ 
tion materials indicates that these waste products can be used 
not only as correcting and auxiliary additives, but as main 
materials for construction ceramics as well. 

The similarity of the chemical-mineralogical composi¬ 
tion of coal-mining waste to that of natural argillaceous min¬ 
erals makes it possible to regard it as an inexhaustible source 
of argillaceous material of a satisfactory quality. Thus, the 
chemical composition of the coal-mining waste from the 
Moscow coal basin and the Tula deposit is as following 
(wt.%): 38.93 Si0 2 , 16.08 A1 2 0 3 , 4.20 Fe 2 0 3 , 1.54 CaO, 
0.96 MgO, 0.62 R.,0, and 36.89 calcination loss (Ti0 2 and 
FeO are not identified in the composition). 

The physicochemical basis of a ceramic production 
based on argillaceous materials (including the entrainment 
ash and coal-mining waste) is the synthesis of primary 
mullite in firing, which determines the main physicomecha- 
nical properties of the final product. 

The Moscow Municipal Economics Institute since 1980s 
has been systematically researching the utilization of the en¬ 
trainment ash from the Luberetskii thermal power plant and 
coal-mining waste in mixtures for ceramic construction ma¬ 
terials. The main materials in these mixtures were clays from 
virtually all known deposits in Russia: Mikhnevskoe, 
Vladimirskoe, Shchelkovskoe, Egor’evskoe, Kurganskoe, 
etc. The composition of the experimental mixtures is given in 
Table 1. 

The molding powder was prepared by two methods: 
moist and dry. 

According to the first method, clay was primarily lique¬ 
fied in a laboratory mixer to 50 % moisture. Coal-mining 
waste was milled in a laboratory ball mill by the moist 
method with the material : balls : water ratio equal to 
1:2: 0.4 for 1, 3, and 5 h. The slips prepared in this way 
were mixed for 15 min and then dried to a moisture of 8%. 

The molding powder of moisture 8% was used to mold 
samples of diameter 40 and height 50 mm on a laboratory 
hydraulic press at the unit pressure of 20 and 40 MPa; next, 
the samples were dried to 2% moisture and fired at 950°C 
with a 2-h exposure at this temperature. 

According to the second method, the molding powder 
was prepared by joint milling of clay and coal-mining waste 
in a laboratory ball mill with the material: balls ratio equal 
to 1 : 3 for 1, 3, and 5 h, after which the mixture was brought 
to moisture 8%. 


TABLE 2 


Mass content, % 

Material 

Si0 2 

A1 2 0 3 

TiO 

Fe 2 0 3 

CaO 

MgO 

S0 3 

K 2 0 

Na 2 0 

calcination 

loss 

Clay: 











Latnenskoe (TU 14-18-8-152) 

54.43 

29.06 

29.06 

1.50 

1.19 

0.66 

0.5 

1.96 

1.96 

9.96 

Kudinovskoe (TU 400-1508-1) 

68.60 

20.20 

20.20 

1.44 

0.83 

0.60 

- 

2.87 

2.87 

5.40 
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TABLE 3 


TABLE 4 


Mixture* 

Milling Molding 
duration, pressure, 
h MPa 

Shrink¬ 
age, % 

Water 
absorp¬ 
tion, % 

Average 

density, 

g/cm 3 

Com- 

Porosity, pressive 
% strength, 
MPa 




Latnenskoe clay 




i 

1 

40 

0.17 

20.5 

3.24 

66.4 

62.7 

2 



0.27 

16.5 

3.15 

52.0 

52.4 

3 



0.39 

12.0 

3.12 

37.4 

34.6 

4 



0.50 

10.5 

3.03 

32.4 

29.5 

1 

3 

40 

0.27 

11.0 

3.17 

35.0 

40.1 

2 



0.36 

9.00 

2.96 

26.5 

31.9 

3 



0.44 

6.00 

2.83 

17.0 

25.0 

4 



0.62 

5.20 

2.75 

14.3 

19.5 



Kudinovskoe clay 




1 

3 

30 

1.17 

17.4 

1.54 

26.7 

44.2 

2 



0.91 

21.1 

1.64 

32.3 

27.1 

3 



0.72 

28.0 

1.42 

41.2 

18.6 

4 



0.64 

38.2 

1.39 

54.3 

12.0 

1 

3 

40 

1.25 

16.6 

1.57 

25.9 

46.8 

2 



1.00 

19.5 

1.50 

29.2 

32.1 

3 



0.85 

25.1 

1.44 

36.1 

20.1 

4 



0.75 

37.3 

1.40 

52.0 

12.7 


* Moisture of samples from Latnenskoe and Kudinovskoe clay was 
7.5 and 7.4%, respectively. 


Mixture 

based on Milling Molding 
Latnen- duration, pressure 
skoe h MPa 

clay* 

Shrink¬ 
age, % 

Water 
absorp¬ 
tion, % 

Average 

density, 

g/cm 3 

Com- 

Porosity, pressive 
% strength, 
MPa 

i 

5 

20 

2.00 

12.3 

1.84 

22.6 

89.7 

2 



2.00 

15.0 

1.78 

26.7 

84.0 

3 



1.80 

16.0 

1.76 

28.1 

59.8 

4 



1.30 

21.3 

1.49 

31.7 

29.7 

1 

5 

40 

1.90 

10.9 

1.88 

20.5 

98.3 

2 



1.60 

12.0 

1.80 

20.8 

95.2 

3 



1.00 

12.5 

1.73 

21.7 

84.3 

4 



0.50 

20.2 

1.47 

29.7 

42.7 


* Moisture in all cases was 7.4%. 


same time, the coal-mining waste in drying behaves as nor¬ 
mal clay and in firing undergoes the same stages as argilla¬ 
ceous minerals: decomposition of carbonates, formation of 
mullite, etc. [10]. 

It should be noted as well that the prototype batch of tiles 
for interior wall facing produced on the conveyor production 
line of the Kuchinskii Ceramic Works from molding powder 


The molding powder prepared in this way was used to 
mold samples of diameter 40 and height 50 mm on a labora¬ 
tory hydraulic press at the unit pressure of 20, 30, and 
40 MPa; next, the samples were dried to 2% moisture and 
fired at 950°C with a 2-h exposure at this temperature. 

The optimum testing results (taking as example, the 
clays from the Latnenskoe and Kudinovskoe deposits, see 
Table 2) registered using the moist and dry methods are indi¬ 
cated in Tables 3 and 4, respectively. 

The analysis of the physicomechanical properties of 
samples indicates that coal-mining waste can serve as an in¬ 
exhaustible source of high-quality material for the produc¬ 
tion of ceramic building materials. The joint milling of the 
materials (clay and coal-mining waste) by the moist method 
provides for a substantial improvement of all physicomecha¬ 
nical properties of the products. At the same time, using the 
dry method makes it possible to obtain high-quality products 
without substantial capital costs. 

Increasing the mass content of the coal-mining waste in a 
batch from 25 to 50% leads to a gradual decrease in the me¬ 
chanical strength of the samples and increases their porosity. 
However, the compression strength of samples containing up 
to 50% waste remains sufficiently high. 

Extending the batch milling duration makes it possible to 
produce articles of a higher mechanical strength even with 
the maximum waste content. 

The analysis of the obtains results suggests that the reac¬ 
tion capacity of the coal-mining waste subjected to an effec¬ 
tive mechanical impact grows to such a degree, that it starts 
intensely reacting with the argillaceous minerals. At the 


containing 70% Kudinovskoe clay and 30% coal-mining 
waste with a moisture of 6% fully meets the requirements of 
GOST 6841-84. 

Thus, the coal-mining waste after a corresponding treat¬ 
ment is a promising material for the ceramic industry. 

The joint preparation of mixtures using the moist method 
provides for obtaining products with good physicomecha¬ 
nical parameters, even with an increased waste content in the 
mixture. The joint preparation of mixtures using the dry 
method provides for getting products with sufficiently high 
physicomechanical parameters even with 50% content of 
coal-mining waste in the mixture. 

The recycling of waste in mixtures for construction ce¬ 
ramics makes it possible to improve the color of finished 
products (up to a light creamy shade), even when red-burn¬ 
ing clay is used as the main material of the mixture. 
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